1)
Numerous compounds as the constituents of mulberry tree have been reported. [2] [3] [4] [5] Among them polyhydroxy alkaloids, 6) such as 1-deoxynojirimycin (DNJ), fagomine (FAG), 1,4-dideoxy-1,4-imino-D-arabinitol (D-AB1), and calystegine B 2 , from the roots, leaves, and fruit appear interesting as glycosidase inhibitors, because the fruit is used as food.
In the course of studies on the biologically active constituents of Moraceae, 7) we examined the constituents of the white ripened fruit of M. alba grown in Turkey. In this paper we deal with the isolation of five new nortropane alkaloids, along with nor-y-tropine and six new amino acids from them, the structural elucidation, and their inhibitory activities on a-glucosidase.
The fruit of M. alba grown in Turkey was extracted with MeOH-H 2 O (1 : 1) and the alkaloidal constituents were concentrated as follows. The extract was subjected to chromatography on an Amberlite CG-50 column. The adsorbed fraction was eluted with ammonia solution (28% NH 3 : H 2 Oϭ1 : 9). The eluates were subjected to silica-gel column chromatography using CHCl 3 , MeOH, and H 2 O to provide 16 fractions, which were respectively subjected to Sep-Pak C 18 cartridge and Dowex 50W-X4 column chromatographies, followed by preparative HPLC to provide purified alkaloids and amino acids.
Compound 1 was obtained as a colorless powder, [a] D Ϫ33.9°(cϭ0.32, H 2 O) and showed a purplish-red spot on TLC when sprayed with ninhydrin reagent followed by heating on a hot plate (ninhydrin reaction). The molecular formula was determined to be C 7 H 13 NO 2 by positive high-resolution secondary ion mass spectroscopy (pos. HR-SI-MS) (m/z: 144.1028 [MϩH] ϩ , error, ϩ0.4 mmu). The IR spectrum showed a strong OH and NH band and a CH band as described in the experimental section. The 1 H-and 13 C-NMR signals were reasonably assigned on the basis of 1 H-1 H correlated spectroscopy ( 1 H-1 H COSY), total correlation spectroscopy (TOCSY), and heteronuclear single quantum coherence (HSQC), as summarized in Table 1 .
Thus, 1 was assumed to be 2a,3b-dihydroxynortorpane as follows. Nuclear Overhauser effects (NOEs) were found between H-2b and H-4b, H-3a and H-6endo, and H-3a and H7endo in the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) spectrum. The absolute configuration of the 2-and 3-carbons was determined to be 2R and 3R using a benzoate chirality method 8) as follows. The acetamide (1a) was prepared from 1 with acetic anhydride in pyridine at Ϫ4°C, and then the dibenzoate (1b) was obtained by benzoylation of 1a and purification of the product in preparative HPLC.
The circular dichroism (CD) curve of 1b showed a negative Cotton effect (De238 Ϫ15.9) and a positive effect (De223 ϩ16.4) to establish the chiral arrangement in a counterclockwise manner. Therefore, the above supposition that 1 should be 2a,3b-dihydroxynortropane proved to be correct when including the absolute stereostructure (1S,2R,3R,5R Investigation of the constituents of the fruits of Morus alba LINNE (Moraceae) afforded five new nortropane alkaloids (1-5) along with nor-y y-tropine (6) and six new amino acids, morusimic acids A-F (7-12). The structures of the new compounds were determined to be 2a a, H COSY, TOCSY, and HSQC spectra. Thus, 2 was assumed to be 2b,3b-dihydroxynortorpane, which is the 2-epimer of 1, by the vicinal coupling constants (J 2,3 ϭ3. 4 Hz) and NOEs between H-2a and H-7endo in the NOESY spectrum.
The absolute configuration of 2-and 3-carbons was determined to be 2S and 3R by using a benzoate chirality method as follows. The CD curve of the dibenzoate (2b), prepared from the acetamide (2a), showed a positive Cotton effect (De238 ϩ13.7) and a negative effect (De221 Ϫ8.0) to establish the chiral arrangement in a clockwise manner. Therefore, the supposition that 2 should be 2b,3b-dihydroxynortropane proved correct when including the absolute stereostructure (1S,2S,3R,5R The 1 H-NMR spectrum of 3 was similar to that of 1, except for the presence of an additional hydroxymethine (C-6), as summarized in Table 1 . 3 was assumed to be 2a,3b,6exo-trihydroxynortropane by NOEs between H-2b and H-4b, H3a and H-6endo, and H-3a and H-7endo in the NOESY spectrum.
After the confirmation of the relative stereostructure as above, the selection of one enatiomer was tried by the benzoate chirality method. The tribenzoate of 3-acetamide 3b was prepared similarly as in 1 and 2, and it showed a weak Cotton effect probably owing to overlapping clockwise (2,6-O-dibenzoyl) and counter clockwise (2,3-O-dibenzoyl) contribution by molecular model consideration. The difference CD curve between 1b and 3b showed a positive Cotton effect (De237 ϩ14.8) and a negative Cotton effect (De224 Ϫ13. 10) also supported that the absolute stereostructure of 3 was proposed as shown in Fig. 1 . Therefore, the above assumption proved correct when including the absolute stereostructure (1S,2R,3R,5S,6R).
Compound 4 was obtained as a colorless powder, [a] D Ϯ0°(cϭ0.40, H 2 O), showed a purplish-red spot on TLC by ninhydrin reaction, and the molecular formula was determined to be C 7 H 13 NO 3 by pos. HR-SI-MS (m/z: 160.0983 [MϩH] ϩ , error, ϩ1.0 mmu). The IR spectrum showed a strong OH and NH band and a CH band.
The 13 C-NMR spectrum showed only 4 signals, suggesting that the structure of 4 has a plane of intramolecular symmetry. Thus, 4 was assumed to be 2a,3b,4a-trihydroxynortropane by the vicinal coupling constants (J 2,3 ϭJ 3,4 ϭ8.7
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The 1 H-NMR spectrum suggested the presence of 2 hydroxymethines and 2 methines attached to a nitrogen atom. Then, 5 was assumed to be 3b,6exo-dihydroxytropane by NOEs between H-3a and H-6endo, H-3a and H-7endo, and H-4a and H-6endo in the NOESY. The absolute configuration of the 3-and 6-carbons was deduced from Dd values between a pair of the di-2-methoxy-2-phenyl-2-(trifluoromethyl)acetic acid (MTPA) due to 5 (Fig. 2) .
11) Therefore, the above assumption that 5 should be 3b,6exo-dihydoxynortropane proved correct when including the absolute stereostructure (1R,3S,5S,6R).
Compound 6 was obtained as a colorless powder, [a] D Ϯ0°(cϭ0.60, H 2 O), showed a purplish-red spot on TLC by ninhydrin reaction, and the molecular formula was determined to be C 7 H 13 NO by pos. HR-SI-MS (m/z: 128.1069 [MϩH] ϩ , error, Ϫ0.6 mmu). The IR spectrum showed a strong OH and NH band and a CH band.
The 13 C-NMR spectrum showed only 4 signals, suggesting that the structure of 6 has a plane of intramolecular symmetry. Then, 6 was assumed to be 3b-hydroxynortropane (ϭnor-y-tropine) 12) by NOEs between H-3a and H-6endo, and H-3a and H-7endo in the NOESY spectrum. y-Tropine is common, and nor-y-tropine has been reported as a synthesized compound. This was the first isolation of 6 from natural sources to our knowledge. H COSY cross peaks, and they were connected by heteronuclear maltiple bond connectivity (HMBC) spectrum to establish the planar structure (Fig. 4) . The 1 H-and 13 C-NMR signals were reasonably assigned to the structure by TOCSY, HSQC, and distortionless enhancement by polarization transfer (DEPT), as shown in Table 2 .
The relative stereostructure of the pyrrolidine moiety in 7 was disclosed by the vicinal coupling constants (J 1Љ,4Ј ϭ 4.0 Hz) and NOEs between H-3Јa and H-2Љ, H-3Јa and H-1Љ, and H-4Ј and H-2Љ in the NOESY spectrum (Fig. 5) . The same stereostructure was confirmed by the NOESY spectrum of N-methyl-8 (8a) (Fig. 5) . The absolute stereostructure of 7 was determined to be 3R,1ЈS,4ЈS,1ЉS by a modification of Mosher's method 11) of 8a, as shown in The 1 H-and 13 C-NMR spectra of 9 were similar to those of 7, except for the presence of a methyl group instead of the 1-hydroxyethyl group. Partial structures A2, B2, and C2 of 9 were obtained by 1 H-1 H COSY cross peaks and they were connected by HMBC spectrum to establish the planar structure (Fig. 4) . These signals were assigned reasonably as sum- Table 2 .
The relative stereostructure of the piperidine moiety in 9 was disclosed by the vicinal coupling constants (J 4Ј,5Ј ϭ12.8 Hz) and NOEs between H-1Ј and H-5Ј, H-3Јa and H-5Ј, and H-4Ј and CH 3 in the NOESY spectrum. The absolute stereostructure of 9 was determined to be 3R,1ЈR,4ЈR,5ЈS by the Dd value between both MTPA esters from 10 by a modification of Mosher's method, 11) as shown in Fig. 6 The IR spectrum showed a strong OH and NH band and a COOH band as above.
The 1 H-and 13 C-NMR spectra of 12 were strikingly similar to those of 10, except for the 1 H-splitting pattern and 13 Cchemical shift of the hydroxymethine (4Ј). These signals were assigned as summarized in Table 2 . Then, 12 was established to be the 4Ј-epimer of 10 by the vicinal coupling constants (J 4Ј,5Ј ϭ1. 5 Hz) and NOEs between H-1Ј and H-5Ј, and H-3Јa and H-5Ј in the NOESY spectrum.
The absolute stereostructure of 12 was determined by a modification of Mosher's method 11) between the N-methyl MTPA esters from 12, as shown in Fig 6. The inhibitory activities of 1-12, DNJ and FAG were assessed with respect to a-glucosidase by methods described in the experimental section, and the results are summarized in Table 3 .
Compounds 3, 4, and 5 inhibited a-glucosidase weakly, suggesting that more than 3 hydroxy groups or the 6exo-hydroxy group on nortropane skeleton may enhance the inhibitory activity. H-NMR at 500 MHz. 13 C-NMR at 125 MHz.
ppm (Hz) 
Experimental
General The instruments used in the work were a JASCO digital polarimeter (for specific rotation, measured at 25°C); a Perkin-Elmer 1720X-FTIR spectrometer (for IR spectra); a Hitachi M-80 spectrometer (for MS spectra); a Varian Mercury 300, Unity Inova-500 (for NMR spectra, measured in pyridine-d 5 on the d scale using tetramethylsilane as an internal standard); and a Shimadzu spectrophotometer UV 1200 (for enzyme assay).
Column chromatography was carried out on ion-exchange resin (Amberlite CG-50, Amberlite IRA-67, Organo Company, and Dowex 50W-X4, Dow Chemical Company), and silica gel (Chromatorex DM1020, Fuji Silysia Chemical Ltd.). HPLC was conducted on a Gilson 305 pump or a JASCO-PU 980 equipped with a JASCO 830-RI or UV-970 as a detector. Silica gel 60F 254 (Merck)-precoated TLC plates were used, developed with a CHCl 3 -MeOH-AcOH-H 2 O (20 : 10 : 7 : 5) solvent system, and detection was carried out with ninhydrin reagent followed by heating. 
